Synthesis of Mo2C fibers. The anilinium trimolybdate hydrate (C6H5NH3)2Mo3O10·2H2O precursor was synthesized by dissolving 2 mmol of ammonium molybdate (NH4)6Mo7O24 · 4H2O) in 40 ml of distilled water, adding 36 mmol of aniline, and stirring the mixture for 1 h. The pH of the mixture was adjusted to ~ 4 by dropwise addition of 1 M HCl and the stirring was continued for 6 h at 50°C.
washed with water and ethanol. The precursor was subjected to thermal decomposition at 800°C under argon flow for 5 h with a heating ramp of 2°C/min to obtain the Mo2C nanofibers, which were first passivated under a 1% O2/balance argon flow for 4 h at room temperature prior to exposure to ambient atmosphere.
Characterization. For nitrogen adsorption-desorption analysis, the surface area of the sample was calculated by the Brunauer Emmett Teller (BET) method by taking at least 5 data points where P/P0 < 0.3. The pore size distribution was obtained by the Barrett-Joyner-Halenda (BJH) method applied to the desorption branch of the isotherm.
For the XPS analysis of Mo 3d spectra, three constraints were used on the fitting for component pairs: a peak area ratio of 2:3 for 3d3/2: 3d5/2 and maximum 0.2 eV difference in full width half maximum (FWHM) with 3d3/2 having the higher value of FWHM. The binding energy values were all calibrated using the adventitious C 1s peak at 284.8 eV.
Electrochemical Studies. Electrochemical performance was assessed using hermetically sealed Swagelok type cells with the cathode head space filled with ultra-pure O2 (99.999%) at 1.5 atm.
For cathode fabrication, an ink obtained by blending Mo2C nanomaterial with PTFE-isopropanol suspension was coated on stainless steel mesh (mesh size: 100 x 100, 30% open area) of 1 cm 2 geometric area. The cathodes were then dried at 60°C for 1 h in air followed by 12 h at 300°C under dynamic vacuum. Typical loadings of the electrodes were 2-3 mg cm -2 using a Mo2C to polytetrafluoroethylene (PTFE) weight ratio of 9:1. Electrochemical cells were assembled in an Ar filled glove-box (O2 < 0.5 ppm, H2O < 0.5 ppm) using 1.0 cm 2 cathode coins with Li metal foil as the anode and one glass fiber separator (Millipore, 0.7 mm). Either 0.5 M LiTFSI-TEGMDE or 0.5 M LiClO4-DMSO was employed as the electrolyte. Li metal foil pretreated with 0.1 M LiClO4-propylene carbonate (PC) was used as the anode for cells using DMSO electrolyte. For the electrolyte preparation, TEGDME (tetraethylene glycol dimethyl ether and DMSO (dimethyl sulfoxide) were vacuum distilled and stored over activated 4Å molecular sieves. LiTFSI (bis(trifluoromethylsulfonyl)imide) and LiClO4 (lithium perchlorate) were vacuum dried at 150°C and 125°C, respectively, for 2 days. Both electrolytes had a water content of ≤ 1 ppm. Glass fiber separators were dried at 300°C for 24 h under dynamic vacuum prior to use. Galvanostatic cycling was performed using a BT2000 battery cycler (Arbin Instruments). The current densities reported in this work are based on the geometric electrode area.
For the ex-situ analysis of the discharged and charged cathodes, cells were disassembled in an Ar filled glove-box and the electrodes were washed with dry acetonitrile (<1 ppm) and dried in a vacuum chamber. analysis on discharge, 5% vol O2/balance Ar was flown through the cell at 0.5 mL/min until a stable background was established. Upon cell discharge, the O2 level fell below the background. This difference was monitored throughout the entire discharge process; O2 consumption was considered to cease when the O2 recovered to the previously determined background level. During cell charge a controlled flow of ultrapure Ar (99.999%) swept the evolved gases from the cell to the MS entrance chamber where the gas entered the quadrupole through a fused silica capillary (50 um ID).
Online Electrochemical Mass Spectrometry (OEMS)
The pressure inside the MS chamber was 2 x 10 -6 torr during operation. Prior to measurement, the mass spectrometer was calibrated to establish a relationship between the measured ion current ( Table S1 . Mo3d core level XPS spectra for the (a) pristine, (b) discharged, and (c) charged cathode. In the fitted XPS spectra, black line = experimental data, orange line = overall fitted data, other colour lines = fitted individual components (Mo Table S1 highlights the peak positions in binding energy, and full width at half maximum (FWHM) for both Mo 3d3/2 and Mo 3d5/2 levels along with the percentage of the Mo component obtained by fitting of the XPS spectra collected on pristine, discharged, and charged Mo2C cathode. Electrochemical discharge/charge was carried out in the 0.5M LiTFSI-TEGDME based electrolyte.
In the analysis of the XPS of the surface Mo oxides it is important to note that there is a significant covalent character to the metal-oxygen bonds and therefore the assigned valence states should not be considered absolute, but rather the best approximation based on literature references. 1, 3 Accordingly, in the XPS analysis of all three cathodes (pristine, discharged, and charged) the deconvoluted XPS spectra contains peaks that can be described with mixed valence Mo, extrapolated by assuming a linear variation of XPS binding energy with the Mo oxidation state. Notably, for the pristine cathode the average width (FWHM) of the peaks increases with the increase in the Mo valence state. This can be explained based on an increasing inhomogeneity 4 in the more oxidized Mo oxide components that are formed in a gradient with a more oxidized component forming at the outer surface.
For the discharged cathode, the width of the higher valence Mo peaks increases in addition to the peak binding energies shifting to lower values. The increase in the FWHM values can be the outcome of extrinsic broadening arising from the charging of the material 4 due to the presence of insulating peroxide at the surface. A much narrower peak width for the Mo 5.5+ component is most likely due to the high degree of homogeneity of the phase that is formed by a solid state reaction of Li2O2 with MoO2+δ compared to the Mo oxide components that are formed by a gas-solid reaction. Partial lithiation of the surface Mo oxides and the simultaneous reduction can explain the binding energy shift upon discharge. The Mo2C cathode in 0.5M LiClO4/DMSO during electrochemical charge of a cell pre-discharged to a capacity of 1.0 mAh. The red and black curves depict voltage variation and O2 evolution, respectively, during galvanostatic charge. Cell charging was performed at 100 uA cm -2 , preceded by a 5 hour rest period at OCV after discharge 
